Aim: To evaluate the impact of adding L-carnitine (LC) to usual endometrial preparation on endometrial receptivity in women with at least one prior implantation failure during intra-cytoplasmic sperm injection (ICSI)/frozen embryo transfer (FET) cycles. Methods: This prospective, double-blinded, placebo-controlled, randomized, parallel-group, concealed allocation, superiority trial was conducted at a private specialized IVF center at Benha, El-Qalubia, Egypt, between November 2015 and May 2017. The study included 124 infertile couples with at least one prior implantation failure (PIF) in ICSI/FET cycles ; they were allocated to receive usual endometrial preparation plus 3 gm LC/daily until transfer (62) or received placebo (62) plus usual estradiol valerate. Outcomes were endometrial thickness, implantation rate, chemical pregnancy rate, clinical pregnancy rate, ongoing implantation rate, ongoing pregnancy rate, live birth rate and live borne babies rate. Results: Infertile women with at least one prior implantation failure in ICSI/FET cycles co-treated with L-Carnitine showed significantly thicker endometrium (mm) 9.8 ± 1.2 in LC vs 8.4 ± 0.7 in non LC with ∆ (95% CI) = 1.4 (1.74, 1.05) and higher chemical pregnancy rate 46 (74.2%) in LC vs 22 (35.4%) in non LC with ∆PP (95% CI) = 38.8 (71.46; 52.96) and RR (95% CI) = 2.09 (1.44, 30.1) and NNT (95% CI) = 3 (2, 5). Also, higher clinical pregnancy rate was (34 (54.8%)) in LC vs 14 (22.6%) in non LC with ∆PP (95% CI) = 32. 2% (15.13, 46.77) and RR (95% CI) = 2.4 (1.45, 40.5) and NNT (95% CI) = 4 (3-7) as well as higher live birth rate and live bone rate of singletons fetus (P < 0.05). Conclusion: Data presented in this trial supported the supplementation of LC to usual endometrial preparation in women with at least one prior implantation failure in ICSI/FET cycles as it improved endometrial receptivity indicated by improved implantation rate, clinical pregnancy rate and live birth rate.
INTRODUCTION
Carnitines, including L-carnitine (LC) and Acetyl L-carnitine (ACL) are water-soluble quasi-vitamins, are highly needed in mitochondrial metabolism both in energy production as well as DNA protection from oxidative stress (OS) of reactive oxygen species (ROS). LC and ACL are important systemically in B-oxidation of long-chain free fatty acid (FFA), maintaining coenzyme A (COA)/Acetyl COA ratio in ATP production, excretion of Acetyl COA ester, sparing vitamin E and reduction of OS as well as they have important reproductive functions being antioxidant, anti-apoptotic and anti-inflammatory [1, 2] .
The beneficial impact of carnitines in treating male subfertility is well-known [2] [3] [4] [5] [6] . In-vitro studies showed that adding carnitine to culture media improves oocyte quality, maturation and embryo development [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Animal studies showed that the combination of carnitine and other nutrient supplementation improves reproductive parameters [20] [21] [22] [23] [24] [25] [26] [27] . Investigators of female subfertility found that carnitine supplementation in human female with polycystic ovarian syndrome (POCS) improves general and mental health parameters as well as it improves OS biomarkers and decreases lipid peroxidation [28] . In addition, it reduces body mass index and improves glycemic control [29] , improves ovulation rate, increases mean endometrial thickness and pregnancy rate in before and after clinical trial design [30] , increases significantly the ovulation rates, number of oocytes ≥ 17mm, mean serum E2 on day of hCG injection, mean endometrial thickness, pregnancy rate as well as decrease miscarriage rate in 170 women with clomiphene citrate-resistant (CCR) PCOS treated with 250 mg CC (daily) plus 3 gm/daily oral LC versus 250 mg CC/daily alone in double-blind placebo-controlled clinical trial [31] . Also, researches in treating animal female infertility found that 1 mg/daily/kg LC supplementation from day-1 until parturition in female Swiss albino mice significantly increased litter size, weight of reproductive organs and thickness of endometrium [32] .
Repeated implantation failure (RIF) is a major problem in assisted reproduction treatment (ART). Diminished endometrial receptivity could be the major contributor to this problem in frozen embryo transfer of good-quality embryos. We hypothesized that adding LC to usual endometrial preparation prior to frozen embryo transfer (FET) in women with RIF could improve uterine receptivity. The aim of this trial was to access the impact of LC supplementation to the usual endometrial preparation in frozen embryos transfer (FET) cycles on uterine receptivity.
PATIENTS AND METHODS
This prospective, randomized, concealed allocation, parallel groups, double-blinded, placebo-controlled, superiority trial was conducted in a private IVF specialized center, Benha, El-Qalubia, Egypt, from November 2015 to May 2017. We obtained an approval to our study protocol from Benha Faculty of Medicine ethical committee as well as all study participants signed an informed written consent after counseling regarding the trial interventions.
We included a total of 124 infertile couples treated by intra-cytoplasmic sperm injection (ICSI) and frozen embryos transfer (FET). All included couples were with prior implantation failure at least once in ICSI/ FET cycles. Patients were recruited sequentially and allocated to oral L-carnitine supplementation or placebo at random 1:1 ratio. The study used statistician utilized computer random number generator to provide us with a different size of blocked randomized treatment allocation schedule. The treatment allocation schedule was supported by pharmacist who supplied us by oral LC syrup and the physically identical placebo syrup bottles. Women were randomized to either LC or placebo at start of endometrial preparation cycle for FET, after randomization blinding of investigation and patients were maintained until the end of the study. Women were prepared for FET by estradiol valerate (EV) tablet/12 hr (white tablets of cyclo-prognova®, Bayer Schering Pharma Ag -Germany) from the 4th day of menstrual cycle and followed up with transvaginal ultrasound (TVS) until the endometrial thickness (ET) is ≥ 8 mm. All women in this study were with ≥ one failed FET, with available good quality frozen embryos whatever the used induction protocol. Women in LC group received, in addition to EV, a 3 gm of LC syrup (5 ml of LC syrup®/12 hours orally, Arab Company for Pharmaceuticals and Medicinal Plants (MEPACO MEDIFOOD), Enshas El Raml-Skarkeya, Egypt. While, women in the placebo group received an identically physically solution in similar bottle prepared specially for this study by a trained pharmacist who supported the treatment allocation schedule until the recruitment of all priorly calculated infertile couples with ≥ 1 PIF with available good quality frozen embryos and the results was evaluated by the trial statistician.
We defined chemical pregnancy as BHCG ≥ 5 Miu/ml after day 14 of FET, while clinical pregnancy as a detected at least one intrauterine gestational sac with positive fetal heart activity on TVS in follow up visits. We calculated implantation rate as the number of gestational sacs divided by the number of FET, while chemical/clinical pregnancy rate calculated as the number of women with positive BHCG positive fetal heart activity divided by the number of women whom had transferred procedures, respectively. We defined ongoing pregnancy as the presence of at least one fetal heart activity on transabdominal ultrasound beyond 20 weeks gestation, and we calculated ongoing pregnancy rate as the number of women with positive fetal heart at ≥ 20 weeks divided by the number of transferred procedures. Miscarriage was defined as any failed pregnancy prior to 20-week gestation and miscarriage rate calculated as number of pregnancy losses prior to 20 weeks divided by number of women with chemical pregnancy ; while live birth rate was calculated as the number of live births divided by of transfer procedures and live borne baby rate was calculated as number of live borne babies divided by number of transferred procedures. The study main outcomes measures included clinical pregnancy rate, live birth rate and live borne rate ; while the subsidiary outcomes included the chemical pregnancy rate, ongoing pregnancy rate, implantation rate, ongoing implantation rate and miscarriage rate.
We calculated sample size with aids of online website clinealc. Com / stats / sample size, aspx. The chemical pregnancy rate of patients with prior implantation failure (PIF) at least once in our infertility center in ICSI/FET cycles in prior 6 months was 35% (relatively low) , while the chemical pregnancy rate in first trial ICSI / FET cycle was 80% (relatively high). Assuming that adding L-carnitine to EV during endometrial perpetration for FET will increase the relatively low pregnancy rate in women with PIF by at least 75% (i.e. increase from 35% to 61.2%), 56 infertile couples with PIF ≥ once are required in each group at double-sided 5% significance (type 1 error (α) = 0.5) and a power of 80% (type II error (B) = 0.2). To compensate for 10% losses to follow up, we decided to include 124 infertile couple with PIF ≥once in this study.
Statistical analysis was done according to intensity to treat ITT analysis policy and was performed with aids of SPSS 20 for Windows (IBM, Chicago, IL, USA). We presented continuous variables in terms of mean ± standard deviations, range and categorical variables in terms of numbers (percents), as appropriate. Chi-Square test was used to compare categorical variables ; while independent student's t-test was used to compare continuous variables, as our data were normally distributed. We used p-value and point estimate difference with 95% confidence interfere (95% CI) to determine significance, and we considered P < 0.05 to be statistically significant.
RESULTS
In the current study, 150 ICSI/FET candidate with at least one prior implantation failure (PIF) of frozen embryos transfer (FET) and available good-quality were assessed to be included in this trial, only 124 signed written informed consent and randomized to either receiving L-carnitine (LC) in addition to usual endometrial preparation with estradiol valerate (EV) or placebo plus EV as 62 women in each group. All randomized patients have received the allocated treatment as randomized, and all 124 patients were included in the final analysis as presented in Figure 1 . Table 1 presents the trial participants baseline clinical and laboratory characteristics and shows that there was no statistically significant difference between participants in LC or non-LC groups Table 2 presents ICSI/FET cycles characteristics as well as outcomes differences between women received LC versus who didn't received LC in groups of women with at least one PIF aiming at improving endometrial receptivity (ER) and this table shows that receiving LC in addition to usual endometrial preparation with EV during ICSI/FET cycles was statistically significant in achieving thicker endometrial (P < 0.0001), reducing number of days of EV intake to reach endometrial thickness of ≥ 8 mm (P < 0.0001) and needless EV tablets to reach endometrial thickness of ≥ 8 mm (P < 0.0001). Also, Table 2 shows that despite comparable number of apparently good frozen embryos transfer per women, the proportion of women with positive BHCG was significant statistically in favour of LC over non LC administration 46 (74.2%) in LC versus 22 (35.4%) in non LC, proportion percentage difference (∆PP) = 38.8% with 95% CI of 25.46 to 52.96 and relative risk (RR) of being +ve BHCG and use LC to be the +ve BHCG and non LC = 2.09 at 95% CL of 1.44 to 3.01 and number need to treat (NNT) with LC to add more number of women with the +ve BHCG of 3 women with ≥ one PIF at 95% CI of 2 to 5. Furthermore, Table 2 shows that the number of women with at least one positive fetal heart pulsation (clinical pregnancy) was statistically significantly higher in group supplemented with LC (34 (54.8%) in LC versus 14 (22.6%) in non LC with ∆PP = 32.2% at 95% CI of 15.13% to 46.77% and RR = 2.4 at 95% CI of 1.45 to 4.65 and NNT = 4 (3 -7). Additionally, Table 2 shows that implantation rate was significantly more in women receiving LC supplementation (48/139 (34.5%) in LC group versus 19/140 (13.5%) in non LC group with ∆PP = 21.21% at 95% CI of 11.28 to30.64 and RR = 2.54 at 95% of 1.57 to 4.09 and NNT = 5 at 95% of 4 to 9. Moreover, Table 2 presents that differences in ongoing implantation rate, ongoing pregnancy rate as well as live birth rate and live borne baby rate for singleton fetus were statistically significant in favor of LC supplementation over no LC supplementation as p. values, respectively were 0.0008, 0.0007, 0.0009, 0.0008.
No apparent sequels were recorded in both groups could be attributable to L-carnitine supplementation as well as no congenital anomalies were recorded in delivered babies. 
DISCUSSION
This study demonstrated that supplementation with LC at a dose of 3 gm/daily in two doses 12 hour apart starting at endometrial preparation with estradiol valerate in women at least one prior implantation failure (PIF) with available good quality frozen embryos successfully improves endometrial receptivity, as this supplementation increases average endometrial thickness, reduces number of days as well as number of estradiol valerate tablets to reach adequate endometrial thickness for FET, increases chemical pregnancy rate as well as clinical pregnancy rate, improves implantation rate, ongoing implantation rate, ongoing pregnancy rate and the live birth rate as well as live borne rate.
We could not find similar trial evaluating the impact of adding LC to usual endometrial preparation in ICSI/FET cycles after searching data bases including MEDLINE via PUBMED and OVID, SCOPUS, EMBASE, EBSCO. However, there was a doubleblind, randomized, placebo-controlled, superiority trial [31] evaluating the impact of LC supplementation to CCR-PCOs women at 3 gm LC/daily with 250 mg CC and the investigators reported that group of women received LC were significantly higher in ovulation rate 5564.4%) 85/) in LC group versus 1317.4%) 85/) with P < 0.0001, shorter duration till HCG injection 8.55 ± 0.99 in LC versus 13.65 ± 0.98 in non LC with P < 0.0001, thicker endometrium in (mm) 10.66 ± 0.68 in LC versus 6.08 ± 0.59 in non LC with < 0.0001, highly chemical pregnancy rate 55 (51.5%) in LC versus 5(5.8%) in non LC with P < 0.0001 and significantly higher clinical pregnancy rate 42 (49.4%) in LC versus 1 (1.1%) in non LC with P < 0.0001 and lower non-statistically significant miscarriage rate 2 (2.4%) in LC versus 9 (4.7%) in non LC with P = 0.67. The results of LC supplementation to CCR-PCOS were in parallel to our results ; despite that, the study evaluated the total effect of LC supplementation to infertile CCR-PCOS on ovarian functions as well as endometrial receptivity. While, our study concentrates on evaluating the effect of LC on endometrial receptivity. The researchers of LC trial on CCR-PCOS women reported significant thicker endometrium as our study and also significantly high +ve BHCG, implantation rate, women with +ve fetal heart activity as well as lower non-statistically significant miscarriage rate and all this in our trial could be explained through effect of LC on endometrium ; while in trial of LC co-treatment in CCR-PCOS women could be explained partially through impact of LC on endometrium. Investigators in animal studies [32] found that adding LC at 0.5 and 1 gm/kg from day 1 till parturition to female Swiss albino mice at 12-14 week of age significantly increased FSH, LH, and estradiol levels as well as increased the litter size, weight of reproductive organs and thickness of endometrium, this in parallel with our results that LC supplementation increase the thickness of endometrium.
The impact of LC in endometrium could be explained through its systemic effects, in general in energy production, and its reproductive effects [1, 2] ; namely, antioxidant effects including the free radical scavenging, elimination of excess FFA from endoplasmic reticulum (ER), elevating to antioxidant enzymes activities as well as anti-apoptotic effects including the regulators for tumor suppressor protein, suppressor to the action of caspases 3,7,8 and anti-inflammatory effects as LC decrease the proinflammatory cytokines level like tumor necrosis factor α (TNF-α), interleukin-6,2 (IL-6,2), interferon (IFN) and others. Thus, LC supplementation could counteract the reported dysregulated energy production, genes expression and genes transcription reported in women with recurrent implantation failures (RIF) [33] [34] [35] [36] [37] .
The strength points of the present study include being prospective, randomized, double-blinded, placebo-controlled as well as its design enable us to answer the study question which was the impact of LC supplementation on endometrial receptivity as we chose women with ≥ 1 PIF in ICSI/FET cycles who had adequate high quality frozen embryos, so PIF could be attributed to poor endometrial receptivity as well as this trial positively affect endometrium receptivity with higher pregnancy rate, higher live birth rate could be exclusively due to the effect of co-treatment of endometrial preparation for FET by LC supplementation. Also, strength points of this study included an adequate power to detect clinically beneficial outcomes (pregnancy rate, live birth rate) not only intermediate surrogate outcomes (endometrial thickness, the +ve BHCG).
While, the limitations of this trial include that it could not be generalized to all ICSI patients as well as it could not be generalized to women without prior implantation failures in ICSI/FET cycles. So, we recommended further research on supplementation of LC to women who will undergo first FET trial as well as during induction with fresh embryos transfer and evaluating the impact of LC supplementation on endometrial transcription, subendometrial vascularization as well as uterine Doppler blood flow incidences.
CONCLUSION
The current trial demonstrated the significant beneficial effect of adding 3 gm/daily L-carnitine to usual endometrial preparation with estroidal valerate on increasing endometrial receptivity in women with at least one prior implantation failure in ICSI/FET cycles, as adding L-carnitine significantly increases endometrial thickness, pregnancy rates, implantation rate, and live birth rate.
